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Dynamic development of the automotive industry is responsible for the increase of 8 waste rubber, especially used tires, which are a serious threat to the natural environment. 9 Legal regulations as well as economic and ecological factors contribute to heightened interest 10 in the technologies based on recycling of the used tires [1] . At present, grinding is one of the 11 most commonly used methods of waste tires recycling [2] . During this operation, used tires 12 are mechanically disintegrated until the required particle size is reached. Ground tire rubber 13 (GTR) without additives can be processed through reactive sintering under high pressure and 14 at high temperature [3] . However, the cross-linked structure of GTR limits the application of 15 this method to production of low-cost products with simple shapes and low quality 16 requirements. Therefore, studies conducted in this field are mainly focused on application of 17 GTR as fillers or modifiers in polymer compositions [4, 5] , bitumen [6] and concrete [7] . 18 Moreover, GTR has been applied as a component in pyrolysis [8] and in the 19 reclaiming/devulcanization process [9] . 20 During the reclaiming process, three-dimensional network of a cross-linked rubber is 21 destroyed by means of thermal, mechanical or chemical energy. The resulting product is 22 commonly called reclaimed rubber. In contrast to GTR, reclaimed rubber can be easily 23 processed, shaped and vulcanized. Reclaimed rubber is used as a cheap substitute of fresh 24 rubber during manufacture of new rubber compounds. Reclaiming/devulcanization is usually 25 performed at a high temperature (180-300°C), high shear force and with the usage of 26 chemical additives (e.g. disulfide, peroxides, plasticizers etc.). These specific conditions are 27 necessary to scission of cross-linking bonds presented in rubber, leading to easier processing 28 of GTR and at the same time higher quality of the obtained reclaimed rubber [10, 11] . 29 temperature. Accordingly, it was confirmed that low temperature reclaiming of GTR allows 1 for selective scission of cross-linked bonds instead of the main chain scission, thereby 2 enhances the mechanical properties of the obtained reclaimed rubber. Further advantages of 3 low temperature reclaiming of GTR are: intensification of shear forces acting on GTR, 4 limitation of secondary cross-linking, reduction of energetic costs and reduction of the 5 amount of gases generated during reclamation. Similar observations were also described 6 elsewhere [13] [14] [15] . On the other hand, low temperature reclaiming has a negative influence 7 toward processing of GTR [16] . 8 Application of plasticizers, as low molecular weight compounds, causes increase of 9 flexibility, workability or distensibility of the processed material, through which enhances 10 GTR processability during low temperature reclaiming. Xu et al. [17] used treated distillate 11 aromatic extract (TDAE), naphthenic oil, wood tar, shea butter and recycled cooking oil as 12 plasticizers during thermo-mechanical reclaiming of GTR. They also studied the effect of 13 type and content of plasticizer on the efficiency of GTR reclaiming. The best mechanical 14 properties were received for GTR reclaimed with wood tar, which was related to the low 15 degree of reclaimed rubber (the highest cross-link density). 16 In a previous work [18] we applied heavy oils from pyrolysis of tires as plasticizers 17 during low temperature reclaiming of GTR. Obtained results indicate that plasticization of 18 GTR with heavy oils allows selective scission of cross-linked bonds, which has beneficial 19 influence on reclaiming efficiency of GTR. Alternative solutions are bitumens, which could 20 be applied as a low-cost and effective plasticizers for reclaiming of GTR. Swelling and partial 21 reclaiming/devulcanization of GTR particles with bitumen enable exchange of components 22 between GTR and bitumen phase, which facilitates release of the rubber degradation products 23 to bitumen phase and diffusion of some bitumen compounds into the GTR phase [19, 20] . 24 Grigoryeva et al. [21] and Zhang et al. [22, 23] 1.0; zinc oxide 2.5; TBBS (N-tert-butyl-2-benzothiazole sulfenamide) 0.35; sulfur 1.5 7 ** Presented calculation assumes that the whole bitumen in GTR/bitumen composition was dissolved in toluene 8 *** Presented calculation based on the additivity principle and lack of physical/chemical interactions between 9 milled rGTR and bitumen 10 11
The tensile strength and elongation at break were estimated in accordance with ISO 12 37. Tensile tests was performed on the Zwick Z020 machine (Germany) at a constant speed of 13 500 mm/min. Shore hardness type A was estimated using Zwick 3130 durometer (Germany) the actual remaining cross-link density. In its simplified form, the cross-link density with 13 Kraus correction is calculated according equations [34] (5) and (6): curves is related to a volume of thermogravimetric apparatus chamber.
5
The morphology of the vulcanized reclaimed GTR after extraction in toluene (at 6 room temperature, 72 h) was observed with a JEOL 5610 scanning electron microscope.
7
Before measurement the samples were covered with a fine gold-palladium layer in order to 8 increase their conductivity in a vacuum chamber. The effect of the applied GTR reclaiming method on curing characteristics of 13 reclaimed GTR is shown in be due to different composition and physical properties of the used bitumens (see Table 1 ). as evaluated by the R 300 parameter. It was observed that reclaiming method of GTR affects 10 also the optimal vulcanization time (t 90 ) and CRI, however it has an insignificant influence on 11 the scorch time (t 2 ). In addition, the type of the used bitumen influenced on the t 90 and CRI 12 parameters, possibly due to reactions between sulfur curing system and bitumen components. Physical properties of vulcanized reclaimed GTR are presented in Table 2 . It was 4 observed that reclaiming method -extrusion/milling -had small influence on density of 5 rGTR vulcanizates. On the other hand, the GTR samples reclaimed with bitumen were 6 characterized by lower density, which was related to density of pure bitumen (~1.02 at 25°C). link density has significant influence on thermal stability of rubber compounds [42] . The curves of derivative thermogravimetry (DTG) and differential scanning calorimetry extraction. The schematic path of a mechanism that probably appears during GTR reclaiming 8 using bitumen and bitumen modified with SBS is presented in Figure 10 . copolymer [53] , was also observed and described by several independent research groups. 
